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Supplementary Figure 1: Flow diagram based on the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA).
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Supplementary Figure 2: Risk of mortality and adverse outcomes among patients with asymptomatic aortic stenosis who undergo non-cardiac surgery
Supplementary Table 1: Description of non-cardiac surgery in included studies

	Study ID
	High risk
	Intermediate risk
	Low risk

	
	Emergency major surgery
	Vascular surgery
	Thoracic surgery
	Abdominal surgery
	Urological surgery
	Gynecological surgery
	Neurosurgery or ENT surgery
	Orthopedic surgery
	Endoscopic surgery, breast surgery and other surgery

	Agarwal 2013
	-
	Severe 13.5% vs 18.1%. Moderate 11.8% vs 19.4%.
	Severe 4.5% vs 9.5%. Moderate 4.9% vs 9.6%.
	Colorectal: Severe 20.5% vs 9.3%. Moderate 5.4% vs 7.4%.
	Severe 11.5% vs 11.1%. Moderate 12.3% vs 9.7%.
	Severe 7.0% vs 5.7%. Moderate 7.4% vs 5.0%.
	Neurosurgery: Severe 2.9% vs 1.9%. Moderate 6.2% vs 5.2%. 

ENT: Severe 2.9% vs 2.5%. Moderate 6.9% vs 1.9%.
	Orthopedic: Severe 29.1% vs 26.0%. Moderate 27.4% vs 25.6%.
	General surgery unspecified: Severe 8.2% vs 15.8%. Moderate 17.7% vs 16.2%. 

	Andersson 2014
	37% vs 37%.
	Arterial: 5.8% vs 5.8%. 2.0% vs 2.0%.
	2.1% vs 2.1%.
	18.3% vs 18.3%.
	7.5% vs 7.5%.
	Reproductive: 

3.4% vs 3.4%.
	ENT: 1.1% vs 1.1%. Intracranial surgery: 1.5% vs 1.5%. Neurosurgery: 2.3% vs 2.3%.
	48.9% vs 48.9%.
	Breast surgery: 1.2% vs 1.2%. Plastic surgery: 4.2% vs 4.2%. Endocrine surgery: 0.6% vs 0.6%. Eye surgery: 1.0% vs 1.0%.

	Calleja 2010
	10% vs 5%.
	16% vs 10%.
	-
	10% vs 8%.
	16% vs 19%.
	-
	-
	30% vs 18%.
	Miscellaneous surgery: 20% vs 31%. General surgery: 7% vs 13%.

	Kertai 2004
	-
	49% vs 46%.
	-
	12% vs 12%.
	Genitourinary: 7% vs 7%.
	-
	Head and neck: 25 vs 2%.
	21% vs 21%.
	Other: 12% vs 12%.

	McBrien 2009
	-
	-
	-
	-
	-
	-
	-
	100% hip operations.
	-

	Mizuno 2015
	-
	Abdominal aortic aneurysm repair (n=1).
	Lobectomy (n=1).
	Partial colectomy (n=3).
	Cystectomy (n=1).
	-
	Craniotomy (n=1).
	Discectomy (n=2). Implant arthroplasty (n=1).
	Mastectomy (n=1).

	Raymer 1998
	-
	23.6% vs 23.6%.
	1.8% vs 1.8%.
	25.5% vs 25.5%.
	Superficial genitourinary 16.4% vs 16.4%.
	-
	ENT 7.3% v or dental 7.3%.
	25.5% vs 25.5%.
	-

	Tashiro 2014
	9.4% vs 8.2%.
	12.5% vs 17.6%.
	3.9% vs 5.1%.
	32.4% vs 28.9%.
	6.3% vs 2.7%.
	2.3% vs 2.0%.
	11.7% vs 16.0%.
	29.7% vs 27.7%.
	Other surgery: 1.2% vs 0%.

	Zahid 2005
	-
	-
	-
	-
	-
	-
	-
	-
	-


Table shows comparison of % of patients with AS with a particular type of surgery compared to % of patients in the control group (no AS) with a particular type of surgery.

Supplementary Table 2: Results of included studies by symptoms and risk of operation

	Study ID
	Outcomes by asymptomatic and symptomatic AS
	Outcomes by risk of operation

	Agarwal 2013
	Asymptomatic severe AS: composite (30-day mortality/MI) 8/172 vs 26/976 p=0.20, 30-day mortality 2/172 vs 13/976 p=0.90, postoperative MI 6/172 vs 14/976 p=0.009, postoperative heart failure 15/172 vs 111/976 p=0.06, postoperative stroke 1/172 vs 24/976 p=0.10. Length of stay 6.0 (8.9) vs 5.5 (6.2) p=0.80.

Symptomatic severe AS: composite (30-day mortality/MI) 6/72 vs 26/976 p=0.007, 30-day mortality 2/72 vs 13/976 p=0.30, postoperative MI 4/72 vs 14/976 p=0.009, postoperative heart failure 8/72 vs 111/976 p=0.90, postoperative stroke 1/72 vs 24/976 p=0.50. Length of stay 8.6 (12.4) vs 5.5 (6.2) p=0.09.
	Low risk no AS vs moderate AS vs severe AS:

30-day mortality: 2/166 (1%) vs 1/108 (1%) vs 1/46 (2%) .

MI: 3/166 (2%) vs 0/108 (0%) vs 1/46 (1%).

Composite: 3/166 (2%) vs 1/108 (1%) vs 1/46 (3%).

Intermediate risk no AS vs moderate AS vs severe AS:

30-day mortality: 454/2161 (21%) vs 13/252 (5%) vs 3/173 (2%).

MI: 367/2161 (17%) vs 13/252 (5%) vs 10/173 (6%).

Composite: 800/2161 (37%) vs 25/252 (10%) vs 14/173 (8%).

High risk no AS vs moderate AS vs severe AS:

30-day mortality: 6/209 (3%) vs 1/30 (3%) vs 0/25 (0%).

MI: 21/209 10% vs 1/30 (4%) vs 1/25 (3%).

Composite: 29/209 (14%) vs 2/30 (6%) vs 1/25 (3%).

	Andersson 2014
	30-day MACE: emergency surgery 163/1,051 vs 120/1,051 p=0.006, elective surgery 66/1,772 vs 52/1,772 p=0.19. 30-day mortality: emergency surgery 225/1,051 vs 179/1,051 p=0.01, elective surgery 6/1,772 vs 51/1,772 p=0.13.

30-day MACE: elective surgery asymptomatic patients 24/1154 vs 21/1206, symptomatic patients 42/618 vs 31/566.

30-day MACE: emergency surgery asymptomatic patients 41/463 vs 33/537, symptomatic patients 122/588 vs 87/514.

30-day mortality: elective surgery asymptomatic patients 25/1154 vs 17/1206, symptomatic patients 42/618 vs 34/566.

30-day mortality: emergency surgery asymptomatic patients 59/463 vs 57/537, symptomatic patients 166/588 vs 122/514.
	-

	Calleja 2010
	Asymptomatic AS: 

Composite (death, MI, heart failure, ventricular arrhythmias and hypotension requiring vasopressors): 10/30 vs 14/60, MI 1/30 vs 2/60. Death 0/30 vs 1/60. Heart failure 0/30 vs 0/60.
	-

	Kertai 2004
	-
	Perioperative events (death and MI) by revised cardiac risk index AS vs no AS: 

0 0/18 vs 0/101, 1 3/31 vs 2/64, 2 6/38 vs 1/33, ≥3 6/21 vs 1/18.

	McBrien 2009
	-
	-

	Mizuno 2015
	-
	-

	Raymer 1998
	-
	-

	Tashiro 2014
	Asymptomatic AS:

MACE (death, stroke MI, VT/VF, worsening HF): 48/256 vs 27/256 p=0.01. Death: 15/256 vs 8/256 p=0.15. Stroke: 2/256 vs 3/256 p=0.66. MI: 4/256 vs 5/256, VT/VF 2/256 vs 3/256 p=0.66. New/worsening heart failure: 33/256 vs 13/256 p=0.004.

Symptomatic vs asymptomatic MACE (death, stroke MI, VT/VF, worsening HF) 30/106 vs 18/150, death 10/106 vs 5/150, stroke 1/106 vs 1/150, MI 2/106 vs 2/150, VT/VF 2/106 vs 0/150, new/worsening heart failure 21/106 vs 12/150.
	Revised cardiac index and AS vs no AS:

30-day mortality: 0 2.2% vs 1.6%, 1 5.2% vs 8.6%, ≥2 2.3% vs 11.9%.

30-day MACE: 0 8.8% vs 14.2%, 1 13.0% vs 14.3%, ≥2 11.6% vs 33.9%.

	Zahid 2005
	-
	AS is a significant predictor of acute myocardial infarction but not death in the low- and intermediate-risk categories of surgery. This relation was not seen in the high-risk surgical category, likely because of the smaller number of patients and hence fewer events.


Supplementary Table 3: Summary table of meta-analysis and subgroup analyses

	Outcome or Subgroup
	Studies
	Participants
	Risk ratio [95%CI]

	Severe AS vs control

	Composite outcome
	4
	2146
	2.30 [1.33, 3.97]

	Mortality
	4
	5550
	1.49 [0.85, 2.61]

	Myocardial infarction
	3
	1822
	1.65 [0.66, 4.13]

	Heart failure
	2
	1732
	1.42 [0.47, 4.24]

	Stroke
	2
	1732
	0.44 [0.14, 1.34]

	Any AS vs control

	Composite outcome
	6
	25139
	1.64 [1.23, 2.19]

	Mortality
	7
	28829
	1.01 [0.84, 1.22]

	Myocardial infarction
	5
	19213
	1.90 [1.54, 2.34]

	Heart failure
	3
	3726
	1.27 [0.59, 2.76]

	Stroke
	2
	3682
	0.43 [0.20, 0.91]

	Other outcomes

	Length of stay
	3
	19115
	0.24 [-0.73, 1.22]

	Intensive care unit admission
	2
	414
	0.85 [0.57, 1.27]

	Ventilation/intubation
	2
	622
	1.03 [0.29, 3.70]

	Asymptomatic AS vs control

	Composite outcome
	4
	4854
	1.59 [1.19, 2.12]

	Mortality
	4
	4854
	1.28 [0.96, 1.70]

	Myocardial infarction
	3
	1494
	2.01 [0.90, 4.45]

	Heart failure
	2
	1304
	1.28 [0.37, 4.50]

	Stroke
	2
	1404
	0.45 [0.08, 2.53]

	Symptomatic AS vs control

	Composite outcome
	2
	3334
	1.79 [0.74, 4.35]

	Mortality
	2
	3334
	1.21 [1.00, 1.46]

	Myocardial infarction
	1
	1048
	3.87 [1.31, 11.46]

	Heart failure
	1
	1048
	0.98 [0.50, 1.92]

	Stroke
	1
	1048
	0.56 [0.08, 4.12]

	Emergency vs elective

	Emergency only composite outcome
	1
	2102
	1.36 [1.09, 1.69]

	Emergency only mortality
	1
	2102
	1.26 [1.05, 1.50]

	Elective only composite outcome
	1
	3544
	1.27 [0.89, 1.81]

	Elective only mortality
	1
	3544
	1.31 [0.92, 1.88]

	Cardiac risk index and mortality or myocardial infarction (Kirtai 2004)

	Index 0
	1
	119
	Not estimable (no events)

	Index 1
	1
	95
	3.10 [0.55, 17.59]

	Index 2
	1
	71
	5.21 [0.66, 41.09]

	Index >3
	1
	39
	5.14 [0.68, 38.82]

	Surgical risk and mortality or myocardial infarction (Agarwal 2013)

	Low risk
	1
	212
	0.83 [0.09, 7.80]

	Intermediate risk
	1
	2334
	4.57 [2.76, 7.58]

	High risk
	1
	234
	0.29 [0.04, 2.03]


Tashiro 2014 lacked information on number of patients in each group (only percentages) so it could not be used for cardiac risk index analysis.
Supplementary Table 4: Consideration of reported prevalence of coronary artery disease in studies
	Study ID
	Consideration of CAD in studies

	Agarwal 2013
	History of CAD is matched in moderate AS patients with and without AS (28.5% vs 27.2%, p=0.6) and severe AS patients with and without AS (42.2% vs 38.4%, p=0.3). 

Analysis of patients with primary outcome and severe AS suggests that CAD is significantly more common among those with primary outcome 71.4% vs 40.4%, p=0.02.  For moderate AS, no difference with and without primary outcome 29.4% vs 28.4%, p=0.9. No sensitivity analysis excluding patients with history of CAD.

	Andersson 2014
	Prior acute MI in 8.0% of AS patients and 8.0% of controls, p>0.99.  Prior CABG is higher in AS group 5.7% vs 4.4%, p=0.02.  Prior PCI not statistically different 8.7% vs 7.8%, p=0.23. 

Analysis of patients with previous acute myocardial infarction, CABG or PCI were not significant for both MACE and all-cause mortality. No sensitivity analysis excluding patient with history of CAD.  

	Calleja 2010
	History of CAD in 37% of AS patients vs 40% of controls, p=0.75. 

No sensitivity analysis excluding patient with history of CAD.

	Kertai 2004
	History of myocardial infarction 25% of AS patients and 13% of control patients, p=0.01. 

No sensitivity analysis excluding patient with history of CAD.

	McBrien 2009
	No description of history of CAD in study and no sensitivity analysis excluding patients with history of CAD.

	Mizuno 2015
	History of ischemic CAD was 41.7% in surgery group and 27.8% in control group, p=0.311. Patients with previous CABG and PCI were excluded. 
No sensitivity analysis excluding patient with history of CAD.

	Raymer 1998
	History of myocardial infarction in 12 cases and 17 controls, p>0.05. 
No sensitivity analysis excluding patient with history of CAD.

	Tashiro 2014
	History of CAD 54.7% of AS patients and 34.4% of controls, p<0.001.  History of myocardial infarction 18.4% of AS patients vs 14.5% of controls, p=0.25.  Prior MI was significantly associated with MACE at 30 days, p=0.031. 

No sensitivity analysis excluding patient with history of CAD.

	Zahid 2005
	History of CAD in 15.0% of AS patients and 10.1% of controls, p<0.001. CAD was predictor of adverse postoperative outcome OR 1.52 95% CI 1.17-1.97. 
No sensitivity analysis excluding patient with history of CAD.


AS=aortic stenosis, CAD=coronary heart disease, MI=myocardial infarction, CABG=coronary artery bypass graft, PCI=percutaneous coronary intervention, MACE=major adverse cardiovascular events

Supplementary Table 5: Sensitivity analysis considering the effect of coronary artery disease

	Outcome or Subgroup
	Studies
	Participants
	Risk ratio [95% CI]

	  Composite outcome
	
	
	

	    No difference in CAD between groups
	3
	8906
	1.62 [1.10, 2.38]

	    Difference in CAD between groups
	3
	16233
	2.00 [1.00, 4.00]

	    <10% CAD in study
	1
	5646
	1.33 [1.10, 1.61]

	    >10% CAD in study
	5
	19493
	1.90 [1.19, 3.03]

	    <30% CAD in study
	3
	21367
	1.45 [1.02, 2.07]

	    >30% CAD in study
	3
	3772
	1.92 [1.45, 2.55]

	  Mortality
	
	
	

	    No difference in CAD between groups
	4
	8950
	1.23 [0.79, 1.93]

	    Difference in CAD between groups
	2
	15909
	1.16 [0.62, 2.19]

	    <10% CAD in study
	1
	5646
	1.00 [0.84, 1.20]

	    >10% CAD in study
	5
	19213
	1.33 [0.82, 2.18]

	    <30% CAD in study
	2
	21043
	0.96 [0.86, 1.07]

	     >30% CAD in study
	4
	3816
	1.91 [1.15, 3.16]


CAD: coronary artery disease. CI: confidence interval.
Supplementary Table 6: Consideration of age, renal failure and other comorbidities on baseline difference and outcomes between the aortic stenosis and control groups

	Study ID
	Age
	Renal failure
	Non-coronary heart disease or renal failure comorbidities

	Agarwal 2013
	Propensity matched study no difference between AS and control group: 75.7 vs 75.4 years (p=0.7)
	Propensity matched study no difference between AS and control group for renal failure: 11.9% vs 12.5% (p=0.8).
	Propensity matched study no difference between AS and control group: heart failure (p=0.7), CVA  (p=0.7) and diabetes requiring insulin (p=0.7)

	Andersson 2014
	Significant difference between AS and control group: 75.5 vs 76.5 (p=0.002).
	No difference in kidney disease between AS and control group (p=0.28).  Renal disease was not a predictor of MACE but was a significant predictor of mortality.
	No difference in COPD (p=0.75), anaemia/bleeding disorder (p=0.46), peripheral artery disease (p=0.59), CVD (p=0.84), AF (p=0.13), diabetes (p=0.58) but not heart failure (p=0.01).  COPD, anaemia/bleeding disorder and diabetes were not predictors of MACE but peripheral artery disease, CVD and AF were predictors.  Renal disease, COPD, peripheral artery disease and AF were predictors of mortality but not anemia/bleeding disorder, CVD and diabetes.

	Calleja 2010
	No difference between AS and control group: 78 vs 76 years (p=0.55).
	Not available.
	No difference in diabetes (p=0.87), hypertension (p=0.63), hyperlipidaemia (p=0.88), COPD (p=0.68) but significant difference in CVA 30% vs 13% (p=0.06).

	Kertai 2004
	Significant difference in between AS and control: 69.0 vs 56.6 years (p<0.001).
	Significant difference in renal failure (serum creatinine ≥2 mg/dL): 20% vs 6% (p<0.001).
	Significant difference in heart failure (p<0.001), CVD (p=0.01), diabetes (p<0.001), hypertension (p<0.001) but not pulmonary disease (p=0.10).

	McBrien 2009
	Significant difference between severe AS vs control group: 86.1 vs 78.4 years (p<0.001).
	Not available.
	Not available.

	Mizuno 2015
	No difference between AS and control group: 74.3 vs 73.7 years (p=0.784).
	No difference between AS and control group in chronic kidney disease (66.7% vs 39.7%, p=0.07) and hemodialysis (8.3% vs 17.5%, p=0.42).
	No significant difference between AS and control group for hypertension (p=0.11), diabetes (p=0.18), dyslipidaemia (p=0.85), CVD (p=0.88) and anaemia (p=0.26). None of the comorbidities were multivariate predictors of rapid hemodynamic progression of AS.

	Raymer 1998
	Not available.
	Not available.
	Not available.

	Tashiro 2014
	No difference between AS and control group 76 vs 76 (p=0.92). Age was not a multivariate predictor of 1 year death.
	Not available.
	No significant difference between AS and control group for heart failure, hyperlipidaemia, peripheral vascular disease and AF but significant difference in hypertension (p<0.001), diabetes (p=0.03) and pulmonary disease (p=0.04). Pulmonary disease, congestive heart failure, AF were not multivariate predictors of 1 year death.  Vascular disease (p=0.022) was a predictor of 30 day MACE but not congestive heart failure, AF and diabetes.

	Zahid 2005
	No difference between AS and controls: age 76.2 vs 75.7 years (p=0.07) but an independent predictor of adverse postoperative outcome was Age >65: OR 1.58 (1.13-2.23).
	Not available.
	Significant difference in AS compared to controls: congestive heart failure 29.6% vs 15.8% (p<0.001), hypertension 23.4% vs 27.0% (p<0.001), diabetes 10.5% vs 11.9% (p=0.008). Independent predictor of adverse postoperative outcome: congestive heart failure OR 2.72 (2.21-3.34), hypertension OR 0.42 (0.31-0.57), diabetes OR 0.71 (0.49-1.01).


AS=aortic stenosis, MACE=major adverse cardiovascular event, CVA=cerebrovascular accident, CVD=cerebrovascular disease, COPD=chronic obstructive pulmonary disease, AF=atrial fibrillation, OR=odds ratio

Supplement 1: Search strategy
Search strategy


We searched MEDLINE and EMBASE from conception (1946 for MEDLINE and 1974 for EMBASE) up to December 2015 (Ovid SP) with no language limitations using the search terms: "non-cardiac OR noncardiac" AND "surgery OR operation" AND "aortic stenosis." Bibliographies of included studies and relevant reviews were checked for additional studies to be considered for inclusion.

Study inclusion and exclusion criteria

Selection of suitable studies was based on the following inclusion criteria:

1. Studies with one group of participants diagnosed with aortic stenosis who underwent non-cardiac surgery.

2. The same studies also comprised a group of patients free from AS undergoing non-cardiac surgery, for comparison.

3. Studies must have evaluate one or more of the following: all-cause mortality, any composite of adverse cardiovascular events, myocardial infarction, heart failure, stroke, length of stay, admission to intensive care unit and need for intubation.


There was no restriction on how the severity of AS was diagnosed and no restriction was applied on the inclusion criteria for the control group free from AS. In addition, there was no restriction based on design (prospective or retrospective), type of procedure, sample size or other methodology.

